The open field and swimming maze tests are frequently used as part of a behavioural assessment battery in reproduction or developmental toxicology studies in the rat. Interpretation of the results of these tests is very difficult when the body weight of the rats is not similar in the various treatment groups. In order to better understand this problem, data from approximately 500 untreated rats tested under identical conditions were analysed with respect to body weight. No correlation was found in water maze performance or open field motor activity. A very slight but significant correlation was identified, however, in the time spent by female rats in various regions of the open field, with the smaller rats spending more time in the corners of the testing arena.
During the last 10 years an assessment of behavioural function of the offspring from treated mothers has become a necessary component of the reproduction toxicology testing programme of medicinal products [EEC 1983 , Japanese MHW 1989 . Similar or even more stringent behavioural test batteries have been proposed as requirements for the future registration of food additives (US FDA 1993) , pesticides (US EPA 1991) , and other chemicals (Sullivan 1992) . Behavioural test batteries have been successfully used in rodents to demonstrate deficits resulting from pre-or peri-natal exposure to various agents such as lead (Kimmel 1981) , methyl mercury (Su & Okita 1976) , alcohol (Goodlett et al. 1991) and diazepam (Kellog et al. 1980) . The types of behavioural tests used as a basic screen in safety testing have to be relatively simple because of the large numbers of animals that have to be tested in the shortest possible period of time, which may place their sensitivity in Accepted 23 November 1994 question. The European Inter-laboratory Behavioural Teratology Group has been studying this problem by running simultaneous collaborative studies with reference compounds in about IS commercial and academic laboratories from at least 7 different countries: the results from the first two experiments-with alcohol and diazepam-should be published shortly. A recent survey undertaken by the Middle Atlantic Reproduction and Teratology Association [MARTA) revealed that the majority of North American and European laboratories performing behavioural tests as part of GLP reproduction toxicology studies routinely include open field and water maze tests (Lochry et al. 1994). Initial problems caused by the subjective nature of the observations made in these types of test have now been largely overcome with the introduction of automated equipment. The early automated activity monitors relied on optical systems that simply registered the number of beams broken Laboratory Animals (1996) 30, 22-27 Rat weight and post-weaning behavior by the animal(s) moving inside a cage. These primitive apparatus have now given way to video analysis systems which allow a much more detailed analysis of the animal's movement and type of activity.
Interpretation of the data generated from these tests, however, remains a problem. Concurrent and historical control data are essential in order to establish the normal behavioural profile of the strain of animals used in the test systems. Regardless of the endpoints being monitored, the investigators should be able to describe the normal variability and range of the parameters measured [WHO 1988 ) .. One problem arises when the test compound induces a growth retardation in the offspring so that the. groups of animals differ in body size at the time of the test. When this occurs-which is fairly frequently, since one of the aims of the reproduction toxicity testing is to induce sub-lethal toxicity in at least one treatment group-the investigator may be forced to conclude that comparison of the behavioural results for one or more treatment groups with the controls is not valid. For this reason, it was decided to attempt to determine the relationship between body weight and performance in the water maze and open field tests using rats of the same age maintained under identical conditions.
Materials and methods
The data used for the analyses were taken from the historical data base of the results obtained for the control groups of reproduction toxicology studies performed in the same animal facility of Pharmakon Europe during 1990 to 1992. Before incorporation into the routine testing protocols the methods were developed and validated following a series of experiments in which groups of rats of appropriate age were tested following direct treatment [i.e. not via the mothers) with either alcohol, caffeine, phenobarbitone or diazepam.
Animals and housing
Data from the untreated offspring of female Sprague Dawley rats of the strain leo:
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OFA.SD (fOPS Caw) originally purchased from Iffa Credo, L' Arbresle, France were used for this investigation. After weaning at 3 weeks of age, the rats were gang housed up to 5 of the same sex in stainless steel grid bottomed cages measuring 555 x 350 x 200 (h) mm. They were allowed free access to a complete pelleted rodent diet (reference A04, Usine d' Alimentation Rationelle, Villemoisson, France) which had been sterilized by irradiation and was certified to be free of chemical and bacterial contamination. Filtered (0.2/Lm) mains drinking water was available ad libitum. The environmental conditions in the purpose-built barriered rodent facility were regulated as follows: temperature: 19 to 25°C, relative humidity: 35 to 75%, air flow: at least 8 changes/hour, lighting cycle: 12 h artificial light/ 12 h dark. Individual body weights were recorded weekly. The water maze and open fields were performed in a dedicated testing suite in which the animals were allowed to acclimatize overnight in their home cages before testing. Males and females were tested separately.
Equipment
The water maze and open field test were both performed using a video image processor [Videotrack, View Point, Lyon, France) . A battery of 4 video cameras was mounted in the ceiling overlooking the testing area. Each camera monitored one water maze apparatus or 4 open field cages, so that 4 water maze tests or 16 open field tests could be run simultaneously. A personal computer in an adjoining room was used for test automation and data collection. The tests were performed in semi-darkness, the limiting factor being the eyesight of the technicians not the sensitivity of the cameras. Both tests were performed between 09-00 and 13-00 h.
Water maze test
The apparatus for the water maze test consisted of an E-shaped water-filled maze custom made from grey PVC occupying an area of 80 x 56 cm (Fig. 1 ). The first 3 trials were performed at 5 weeks of age with an -----800
more than 10 em/sec), small movements (including grooming etc.) and inactivity. The proportion of time spent engaged in each type of activity and the total distance travelled by the rat were calculated. All of the rats included in the analysis were tested at 7 weeks of age. In total, 265 males and 263 females were included. The testing arenas were carefully wiped down with a wet cloth between each trial in order to reduce interference by olfactory clues. 
Data analysis
The data for males and females were analysed separately. Linear regression of each behavioural parameter versus body weight at the time of testing was performed for each individual experiment. Analysis of variance (ANOVA) was then used to test for homogeneity of slopes between the 11 experiments and significance of the pooled regression (PCSM Delta Consultants 1993 , Saror 1990 .
Results
The mean standard deviation and sample size for each parameter are presented in ...... exit ramp exit ramp placed at the end of the righthand channel. The animal was placed in the water, which was maintained at 25°C, at the end of the centre channel and the time taken to find the exit was recorded; the distance swum in each channel was also recorded for later experiments. Any rat that failed to exit within 2 min was removed and considered to have failed the trial. One trial was repeated under the same conditions one week later. The exit ramp was then removed to the left hand channel and a further 3 trials performed. The time taken and the total distance travelled during each trial were analysed: rats that failed the test were not included. All of the rats included in the analysis were tested at 5 weeks of age. In total, 264 males and 259 females were included. Only swimming times were analysed statistically . since swimming distance was not recorded for all studies.
Open field test
The open field test was performed at 7 weeks of age using the animals which had already experienced the water maze test. One animal at a time was placed in the centre of a square black PVC arena measuring 40 x 40 em and its activity was monitored for 3 min. The arena was divided into 9 equal invisible regions lEg. 2Ji the time spent by the animal in each type of region (i.e., corner, centre or lateral) was recorded. Motor activity was divided into three categories: ambulatory activity (in which the centre of the image moved at The distribution of time spent in the different types of region, however, showed a slight, but statistically significant, correlation for females only. Larger females tended to pass less time in the corners of the cage (pooled slope estimate = -0.19) and more time in the centre region (pooled slope estimate = 0.14) than their smaller companions. The sample sizes are not exactly the same for the two tests because of the exclusion of occasional values due to technical incidents, such as the rat climbing out of the testing arena.
Discussion
Historical control data of the type compiled for this investigation are an invaluable tool for the interpretation of experimental results obtained under similar conditions. They should also be updated regularly and analysed as a time series in order to detect any sudden or gradual drifts in the experimental conditions or test system. The results of the analyses performed show that within our laboratory the water maze test and most of the open field parameters are relatively insensitive to differences in animal size. The observed correlation of water maze performance with body weight for females in the first reversal trial is of doubtful biological significance since there were no corresponding effects in the subsequent trials. The correlations found for female open field activity account only for a very small proportion of the observed variation and do not constitute a major influence on behaviour.
It is very important not to over extrapolate the relevance of these findings which are only valid within a very narrow range and for rats of the same age. For instance, there is no reason to suggest that, within a population of rats of similar age, body weight is in any way correlated with neurosensory maturity. When a treatment-related effect is suspected in this type of investigation statistical precision can be increased by using a procedure equivalent to analysis of covariance, which gives an estimate of the relationship between the two factors. For this procedure to be valid the absence of interaction between the co-variate (in this case body weight) and treatment must be demonstrated.
Other variables capable of influencing the results of behavioural testing in routine toxicology studies should be assessed and standardized as far as possible. Nutritional status and related effects on pituitary function have been shown to influence memory retention of young rats in a mazebased learning test although the likely influence of differences in body weight waS not addressed (Chow 1974) .Oestrus cycling of the females may be worthy of investigation since it is dependent on hypothalamic function (Walker et al. 1989 ). Social deprivation induced by individual housing after weaning, a practice frequently employed in safety studies, has been shown to have lasting consequences on behaviour of the rat including effects on open field performance (Levitsky & Barnes 1972) . For this reason rats should be gang housed in this type of experiment.
The water maze and open field tests are both apical tests of performance, that is to say that the behaviour measured is the cumulation of the function of several underlying processes (Adams & Buelke-Sam 1981) . Following detection of a response in this type of test, more specialized investigations are necessary to characterize the specific deficit. Also, repeated testing over several weeks [or months) may be required in order to determine if an observed effect is the result of retarded development or a permanent defect.
